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For CZTS, wurtzite is a relatively new crystal structure. Therefore, wurtzite CZTS cannot be found in the XRD database, but there has been a few works which show stimulated XRD pattern of wurtzite CZTS 1, 2 . The diffraction peaks indexing of wurtzite CZTS in this work is referred to these works. 
ElS Studies
The electrochemical impedance spectra (EIS) were measured under AM 1.5 at -600 mV vs. open circuit for two devices, one with a pristine wurtzite CZTS photocathode and the other with an Au@CZTS photocathode. The two spectra are shown in Fig. S4 . The EIS data was fitted using the equivalent circuit shown 3 and the best fit values obtained given in Table S1 . It is observed that the cell with an Au@CZTS photocathode exhibited a significantly smaller R2 value. By varying the parameters in the equivalent circuit, between the values obtained for both cases, it was observed that R2 was the component that had the most effect on the Nyquist plot. This is illustrated in Figure   S5 where the value of R2 is changed from 94.46 Ohms to 39.51 Ohms, whilst the other values are the same as the wurtzite CZTS counter electrode model. The smaller value of R2 points to a higher photocurrent at the Au@CZTS photocathode, than at the CZTS photocathode, and that this is the dominant effect of adding the Au. This result indicates that the enhancement is caused predominantly by localised effects in the photocathode, due to that addition of the Au nanoparticles.
Other components in the equivalent circuit are seen to be modified by the Au cores and have an effect on the high frequency and Warburg impedance. This may be caused by the scattering peak seen at the LSPR wavelength, Figure 5 (a), but the fact that the main effect of the Au cores is seen by a change in R2 provides some indication that increased absorption by the Au is dominant, since light scattered from gold cores might be expected to have more influence on both electrodes. This is consistent with the results of the electromagnetic modelling, where the scattering efficiency was seen to be very small compared to the absorption efficiency. In the finite difference (FD) electromagnetic model the mesh discretization was found by convergence analysis and a mesh resolution, Δx, of 1 nm was required in both solvers. The time step, Δt, is given by Δt = S Δx, where S is the Courant factor. In our analysis we take S to be 0.5. The FD workspace was terminated in all directions with a perfectly matched layer to prevent non-physical reflections. In the FDTD calculations the excitation was a Gaussian pulse. In the FDFD calculations the excitation was a fixed frequency source at the wavelength of the calculation.
The dielectric function for Au is described using a Drude-Lorentz model, with one Drude term and five Lorentz terms in the summation 5 . The dielectric function for CZTS can be described using a
Tauc-Lorentz oscillator model 6 . Whilst the Drude-Lorentz model is implemented and has been extensively used, the Tauc-Lorentz model, unfortunately, has yet to be realized in the MEEP FDTD code. For wavelengths longer than 600 nm the CZTS was modelled with real dielectric constant of 6 and a single FDTD calculation was carried out.
Below 600 nm a number of FDFD calculations were performed, since the absorption of CZTS becomes significant, and so the complex part of the permittivity cannot be ignored. Between 350 nm and 600 nm the complex permittivity of Au was calculated from the Drude-Lorentz model. For CZTS the real and imaginary parts of dielectric constant at 300 K were taken from the results presented by
Li et al. The subscript s denotes the scattered, rather than the total field, at the surrounding surface. Using computational electromagnetics, such as FDTD or FDFD, to calculate the electric (E) and magnetic (H) fields at the enclosing surface equations (1) and (2) can be solved.
It should be noted that in the calculations we considered that CZTS fully surrounded the Au particle.
The scenario considered was Au embedded in a CZTS material, that is as placed within a homogeneous thin film, rather than an isolated shell surrounded by air. We considered that this was much closer to the Au@CZTS counter electrode obtained from the experimental work and for which measurements were taken.
